Purpose: This study examined the associations between childhood physical activity level and adulthood earnings. Methods: The data were drawn from the ongoing longitudinal Young Finns Study, which was combined with register-based Finnish Longitudinal Employer-Employee Data and registerbased parents_ background information from the Longitudinal Population Census of Statistics Finland. The study consisted of children who were 9 yr (n = 1257, 52% boys), 12 yr (n = 1662, 51% boys), and 15 yr (n = 1969, 49% boys) of age at the time when physical activity was measured. The children were followed until 2010, when they were between 33 and 45 yr old. Leisure-time physical activity in childhood was self-reported, whereas earnings in adulthood were register based and covered over a 10-yr period from 2000 to 2010. Ordinary least squares models were used to analyze the relationship between physical activity and earnings. Results: Childhood physical activity level was positively associated with long-term earnings among men (P G 0.001). In more detail, a higher level of leisure-time physical activity at the age of 9, 12, and 15 yr was associated with an approximate 12%-25% increase in average annual earnings over a 10-yr period. The results were robust to controlling, e.g., an individual_s chronic conditions and body fat, parents_ education and physical activity, and family income. Among women, no relation was observed. Conclusions: The findings provide evidence that childhood physical activity can have far-reaching positive effects on adulthood earnings. Possibilities for improving physical activity during childhood may not only promote health but also affect long-term labor market outcomes.
A ccording to current physical activity recommendations for health, only one-third of the youth are estimated to be sufficiently active (9, 13) . Besides the widely acknowledged positive health effects of physical activity (22, 24, 27, 29, 40) , physical inactivity has been identified as the fourth leading risk factor for global mortality (39) , and several studies have reported increasing healthcare costs due to physical inactivity (7, 15, 16, 18, 22) .
In addition to the positive correlation with health, physical activity has also been linked to positive returns in the labor market. There is evidence that former high school and college athletes (5, 10, 11, 23, 36) as well as those who are physically active in adulthood (14, 17, (19) (20) (21) 31) typically perform better in the labor market in terms of wages (5, 10, 11, 19, 23, 31) and employment probability (17, 36) . For example, using information from a long-term perspective, Lechner (20) and Rooth (31) showed that physical activity was positively related to monthly earnings and hourly wages, and Hyytinen and Lahtonen (14) reported similar results for men on the basis of twin data. According to a field experiment conducted by Rooth (31) , employees also interpreted physical activity as a positive signal; that is, the probability of receiving a callback for a job interview was higher for those who announced to be physically active. Stevenson (36) , in turn, argued that the positive association between physical activity and wages existed solely because of the increase in labor force participation.
Although a positive connection between physical activity and labor market outcomes has been established, the reason for this correlation is unclear. One possibility is that higher physical activity leads to health gains, which, in turn, increase worker productivity and, therefore, labor market returns (20, 21) . Productivity gains can arise, for example, from decreased absences due to sickness or from better performance by workers. It is also possible that physical activity facilitates networking, which promotes career development (20) . Additionally, physical activity may develop noncognitive skills, such as teamwork skills, sociability, or discipline (1, 3, 4, 10) , which are rewarded in the labor market. Finally, physical activity can cause positive discrimination (26, 31) , which may explain success in individuals_ work lives.
Increasing evidence suggests that physical activity is related to substantial economic and noneconomic returns. The benefits of physical activity not only are confined to health but may also cover other areas such as labor market performance. The purpose of this study was to examine the associations between childhood physical activity and earnings in adulthood. We hypothesized that higher physical activity level in childhood is associated with higher earnings in adulthood. Previous literature concerning the relationship between physical activity and labor market outcomes has mainly focused on physical activity during adulthood or adolescence. However, the role of physical activity in childhood is particularly relevant for two reasons. First, because childhood physical activity is measured before any labor market experience, the potential problem of reverse causality is eliminated. Second, if physical activity in childhood has far-reaching implications for future work life, this could be taken into account by policy makers. In general, possibilities for improving labor force_s productivity are important because higher productivity increases economic welfare and strengthens competitiveness (21) .
METHODS
Study population. The data were drawn from the ongoing longitudinal Young Finns Study (YFS), which was launched in 1980, when 3596 (82.3%) of the 4326 invited individuals in six age cohorts (age 3, 6, 9, 12, 15, and 18 yr) participated in the baseline study. The participants were randomly chosen boys (51%) and girls (49%) from five Finnish university cities (Helsinki, Turku, Tampere, Oulu, and Kuopio) and their rural surroundings. The study has been conducted in seven follow-up phases, and the most recent follow-up was performed in 2011/2012. The examinations included comprehensive data collection using questionnaires, physical measurements, and blood tests as previously described (28) . The research protocol for the YFS was approved by the ethics committees of the five universities (Helsinki, Turku, Tampere, Oulu, and Kuopio), and written informed consent was obtained before respondents participated in the study. Moreover, data protection issues have been taken into account as specified in current Finnish legislation.
The YFS was then linked to register-based Finnish Longitudinal Employer-Employee Data (FLEED) from Statistics Finland. FLEED records detailed information on labor market outcomes, and covers the period from 1990 to 2010. Register-based information on family background was obtained from the Longitudinal Population Census of Statistics Finland from 1980. FLEED and the Longitudinal Population Census were linked to the YFS based on unique personal identifiers. This is exact matching and therefore avoids problems created by errors in record linkages (30) .
The present study consisted of children who were 9 yr (n = 1257, 52% boys), 12 yr (n = 1662, 51% boys), and 15 yr (n = 1969, 49% boys) of age when the information about physical activity was collected. These individuals were followed until 2010, when they were between 33 and 45 yr old. The original 9-yr-old participants were born in 1971-1977, the 12-yr-old participants in 1968-1977, and the 15-yrold participants in 1965-1977.
Self-reported physical activity. Leisure-time physical activity at the age of 9, 12, and 15 yr was measured with a self-reported questionnaire. The questions concerned the frequency and intensity of leisure-time physical activity, participation in sports club training, participation in sport competitions, and habitual way of spending leisure-time (37, 38) . The response alternatives were coded from 1 to 3, except participation in sport competition, which was coded from 1 to 2, and thereafter summed to form a physical activity index (PAI) with scores ranging from 5 to 14 (see Table, Supplemental Digital Content 1, original scoring and recoding of the items included in PAI in 1980-1989, range from 5 to 14 [37] , http://links.lww.com/MSS/A648).
Register-based annual earnings. Information on annual earnings was drawn from FLEED, which records information on annual wage and salary earnings from tax authority registers. The earnings were measured as a logarithm of the average annual wages and salary earnings from 2000 to 2010. The values were deflated using the consumer price index (base year 2000).
Statistical analyses. STATA software, version 13.1, was used for the statistical analyses. The analysis was based on the ordinary least squares (OLS) models, where the associations between childhood physical activity and later labor market returns were regressed by using the logarithm of the average annual wages and salaries as the dependent variable and the PAI at the age of 9, 12, or 15 yr as an explanatory variable. All baseline models controlled for the birth cohort and the birth month, which are both predetermined variables. Before the OLS models, the correlation coefficients were calculated to illustrate the unconditional connections between childhood physical activity and earnings in adulthood.
The consistency and the robustness of the OLS estimator require that the physical activity variable and observed confounding variables are uncorrelated with the error term and that unobserved individual heterogeneity is uncorrelated with the physical activity variable. We supported these assumptions with several methods. First, following Angrist and Pischke (p. 68 [2] ), all confounding variables in the baseline models were obtained before labor market entry. Thus, future labor market outcomes cannot have an effect on the confounders measured before labor market entry. Second, it is possible that childhood physical activity reflects omitted variables without having an independent effect on later labor market outcomes. To alleviate this problem, the models were extended by several additional covariates. First, the models were augmented with individuals_ chronic diseases and body fat obtained in 1980 (34) . Second, several family background variables obtained in 1980 (parents_ education, family income, parents_ health, and parents_ physical activity) were added as controls.
As a robustness check, the baseline models were extended in three ways. First, the sample size of the baseline models varied depending on the age when the PAI was measured. Thus, the difference between the point estimates at the age of 9, 12, and 15 yr might partly reflect the differences in the sample. To control for this possibility, the sample size was locked up to those born in 1971 (n = 447 men and n = 437 women) and whose physical activity levels were measured at all three time points (at the age of 9, 12, and 15 yr). Although this method reduced the sample size, the same participants could be tracked during the entire period. Second, we investigated whether the association between physical activity and earnings is due to more intense labor market attachment of individuals who were more physically active. This was done by controlling individual average employment months during 2000-2010, and thereby the possibility that the results are driven by unemployment or labor market inactivity could be considered. Finally, we tested whether taking into account the quality of the leisure-time physical activity affects the results. This was done by dividing the original PAI into two parts: a variable that indicated participation in sport competitions (1 = participates in national or regional level sport competitions, 0 = does not participate in sport competitions) and the original PAI subtracted from the sport competition variable. The original PAI was replaced with these two new variables in the wage equation.
RESULTS
Baseline results. In all age groups (9, 12, and 15 yr), girls had lower physical activity levels compared with boys (P G 0.001, Table 1 ). Similarly, the average annual earnings in 2000-2010 were lower among women compared with men (P G 0.001). According to the correlation coefficients, among men, the physical activity level in childhood was positively associated with earnings in adulthood (P G 0.001, Table 2 ), whereas no significant correlation was observed among women.
The baseline OLS estimates ( Table 3 , column 1) indicated that, among men, higher physical activity at the age of 9, 12, and 15 yr was associated with higher earnings. In terms of standardized coefficients, one SD increase in the PAI at the age of 9 yr was related to approximately 38% higher longterm earnings, over a 10-yr period, whereas the standardized coefficient for the PAI at the age of 12 and 15 yr was approximately 29%. Unlike what was hypothesized, among women ( Table 4 , column 1), no such relation was observed.
The inclusion of a comprehensive set of potential confounding factors (Tables 3 and 4 , columns 2, 3, and 4) kept the physical activity estimate by and large intact. When individual and family background factors were controlled ( Table 3 , column 4), one SD increase in the PAI at the age of 9, 12, and 15 yr was related to an approximate 30% increase in adulthood earnings among men.
Robustness checks. The results remained intact when the sample size was restricted to individuals (n = 447 boys and 437 girls) whose physical activity levels were followed at three time points (at the age of 9, 12, and 15 yr) during childhood. Among men, one SD increase in the PAI at the age of 9, 12, and 15 yr was related to an approximate 30% increase in long-term earnings over a 10-yr period. Among women, no association was observed, which is in line with the baseline OLS results.
After controlling for a person_s employment months in 2000-2010, childhood physical activity at the age of 12 and 15 yr was positively related to men_s earnings ( Table 5 , column 1). However, the point estimate decreased indicating that one SD increase in the PAI at the age of 12 and 15 yr was related to an approximate 6%-7% increase in long-term earnings. Among women, the physical activity level at the age of 15 yr turned significant after controlling for employment ( Table 5 , column 2). In this specification, one SD increase in the PAI was related to an approximate 6% increase in adulthood earnings.
The results from the models where the original PAI was divided into leisure-time physical activity and participation in sport competitions are reported in Table 6 . After controlling for leisure-time physical activity, participation in sport competitions at the age of 9 yr was related to higher earnings among men. At ages 12 and 15 yr, only the leisuretime physical activity remained significant and positive.
Among women ( Table 6 , columns 3 and 4), no such relation was found. The results were robust to the inclusion of an individual_s chronic diseases, body fat, and family background factors ( Table 6 , columns 2 and 4).
DISCUSSION
In summary, using a longitudinal population-based cohort study combined with register-based information on labor market outcomes, this study investigated the relationship between childhood physical activity and long-term earnings. The results showed that, among men, self-reported physical activity in childhood was related to higher long-term earnings in adulthood. Among women, no such relation was observed.
The linked data and longitudinal setting of the study extend the previous literature in three important ways. First, adulthood physical activity can be shaped by success or failure in the labor market, which can make the direction of the causality between physical activity and earnings unclear (e.g., [8, 14, 20] ). We overcame this problem by using measures of physical activity during childhood, before labor market entry. Second, instead of cross-sectional information on earnings, which contains idiosyncratic components and is often an inaccurate proxy for long-term earnings (e.g., [6, 12] ), this study used the average earnings measured over a 10-yr period as the dependent variable. The information on earnings was also register based, and therefore, potential bias resulting from self-reported information can be ignored.
However, the physical activity measurements were obtained with a self-reported questionnaire, and thus, there may be some measurement error (32, 33) . Finally, to mitigate the possibility that unobserved characteristics, such as family background factors or preexisting differences in health and physical features, drive the results, we used individuals_ chronic diseases, body fat, and several indicators for family background as control variables.
Our results showed that the childhood physical activity level was positively related to earnings among men. The results were robust to controlling for individual and family background factors. Among women, no association between physical activity and earnings was observed. When an individual_s employment months were controlled, the physical activity point estimate decreased. This implies that the connection between physical activity and earnings can be partly attributed to the more intense labor market attachment of physically active individuals; that is, they experience less unemployment or their labor market participation is higher. A possible explanation for the positive association between physical activity and earnings is that some unobserved traits are related to physical activity and earnings. Such traits could be ambition, competitiveness, or target orientations, which may be more prevalent among competitive athletes. To test this possibility, the original PAI was divided into leisure-time physical activity and participation in sport competitions. However, our results did not support the assumption that competitive children would receive higher earnings once the leisure-time physical activity was controlled.
Our findings are consistent with previous literature in which adulthood physical activity has been associated with higher earnings (5, 10, 11, 14, 20, 23, 31, 36) . However, all previous studies investigated the role of adulthood physical activity or physical activity in adolescence, and none focused on childhood physical activity, especially outside school hours. In addition, the questions concerning the level of physical activity were study specific. This study focused on leisuretime physical activity outside school hours, whereas most of the previous studies focused on the frequency of physical activity (14, 17, 19, 20) , or high school athletic participation (5, 10, 11, 23, 36) . Therefore, the comparison between the results is not straightforward. Nevertheless, our results add to the current literature by showing that the association between physical activity and labor market performance may start to develop as early as in childhood. One notable feature is the difference between the results for men and women. The association was significant only among men. This finding is in line with the study by Hyytinen and Lahtonen (14) who reported 14%-17% higher long-term income of physically active men than that of the less active men. Similarly, a study by Long and Caudill (23) showed that men who participated in intercollegiate athletics had higher annual income compared with nonathletes, whereas among women, no such income premium was found. Lechner (20) and Kosteas (19) , in contrast, found a significant positive relationship between adulthood physical activity and earnings for men and women. Finally, Stevenson (36) demonstrated a positive association between increased opportunities to participate in sports and subsequent wages among women. The connection between physical activity and earnings seems to be positive and robust among men, but for women, the results are less clear. The differences in the labor force participation between fertility-age men and women might partly explain the results. Our results indirectly support this hypothesis because a positive association between physical activity and earnings was found among women when the employment months were controlled.
Although the study demonstrated a positive association between physical activity and earnings, the causality cannot be interpreted. An apparent threat to the causal interpretation is that some unobserved characteristics are correlated with physical activity and earnings. Intuitively, however, childhood physical activity may promote adulthood labor market performance for four reasons. First, childhood physical activity can lead to health gains, which are rewarded later in working life with higher productivity and higher earnings. According to Smith (35) and Lundborg et al. (25) , poor health in adolescence had a substantial effect on earning in adulthood, whereas Lechner (20) showed that adulthood physical activity had a sizable positive effect on health and long-term earnings. Second, physical activity in childhood (e.g., participation in sports competitions) may create networks, which promote career development (20) , and therefore is positively associated with earnings in adulthood. Third, physical activity may improve noncognitive skills, such as teamwork skills, sociability, or discipline (1, 3, 4, 10) , which contribute later in the labor markets. Fourth, physical activity might serve as a signal to employers of good health, motivation, ambition, and productivity, and therefore causes positive discrimination (26, 31) , which explains the wage gap.
Only one-third of the youth are sufficiently active and meet current physical activity guidelines (9, 13) . As this study suggests, the consequences of childhood physical activity can be far reaching. Physical activity might not only promote health but also affect labor market outcomes later in life. From policy perspective, the findings are twofold: If childhood physical activity can boost an individual_s labor productivity, increasing participation in physical activities during the life course may constitute an important policy goal. Second, encouraging children to be physically active, providing children equal possibilities to participate in physical activities regardless of their socioeconomic background, and targeting interventions to children and youth with the lowest physical activity levels should become an important policy objective. To further increase understanding of this association, it would be valuable to explore the potential mechanism in more detail. In addition, understanding the role of physical activity in other dimensions of labor market performance, such as unemployment and occupational sorting, could shed light on the results. 
